[l The Design of the Shower Maximum Detectors
.1 Mechanical Design of the SMD

M.1.1 Introduction

Since the beginning of the STABMC project a variety of technologies were con-
sidered for use ithe STAR ShowerMaximum Detecto(SMD). A detectors based on
scintillation hodoscope with fiber readout "SciFi" gaseous wire/strip chambers "wire/strip”,
and plastic streamer tube "PST" were consideredcasdidatefor SMD at STAR. During
1992-1997extensive tests andllonte Carlo calculations were carried out évaluate the
three candidate SMD media. Four differ&aciFi", four "wire/strip”and "strip/strip" and
one "PST" prototypes were designed, constructed and tested on electron and hadron beams
at Protvino U-70 and Brookhaven AGS accelerafthe SMDs performancesere stud-
ied at the energy range frotn5 to 26.6 GeV, for different detectopositions inside the
EMC and different detector granularities. The results of this investigatiomssthat both
"SciFi" and proportional gaseoudgtector in"strip/strip" readout configuration were well-
suited for the STAR where electromagnetic shower must be precisely localized in space and
their characteristitransverse size parameters mustr@asured. Anndependent energy
measurement near tisdowermaximum isalso needed to improube overallhadron dis-
crimination power of the non-segmented EMC and SMD. In ordacdomplish its meas-
urement functionalitygoals,the EMC/SMDmust measurghotons and electronseften in
large hadronidackgrounds. Ammportant component adur discrimination betweeelec-
tromagnetic and hadronghowersand ourability to discriminategphoton pairs in a single
tower will come from the characteristic transvesiewer shapand dimensions at a point
near the energy densitgaximum of an electromagnestiower inthe longitudinal direc-
tion. The observatiordirect photons,whether in p+p or Au+Auwill rely in an essential
way on the ability to identify an isolate photons in this manner. Furthertherepnstruc-
tion of an invariantnass for photon pairs or dielectropsyticularly at highPt, requires
precise localization of thehowers. The combination of largEMC cell size and fine-
grained detector(SMD) at a few radiation length deep isnibst economicalway to do the
required electromagnetghowerlocalizationand characterization. hasbeenshown that
this approach allows direct photon physics with acceptable error bars (e.Q. T®BFnal
design consideration fahe SMDdetector involve compromises betwetle physics re-
guirementsmechanicatonstraints, andost. The SMD isdesigned as a wire/strip array
consisting of a doubl&ayer of proportionalgas counters whichre read outising or-
thogonal sets of cathode strips ( padBhe charge collected on the cath@aels provides
information on the position of the anode avalanche and figallgsthe information about
the shower shape and energy deposition at depthinside theEMC. Detailedsimulation
have been conducted study the optimum depth tplace the SMDdetector within the
EMC. A compromise is required by thery broad energy range photons anctlectrons
encountered in the entire STphysics program. Alepth5X0 hasbeenfound to provide
the acceptable gamma/piO separation at the highest energies while prgeioihdjscrimi-
nationfor the soft photonsencountered in the heavy ion program and in asymmetric piO
decay.
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[11.1.2 Component Design, Fabrication and Quality Control

Careful Monte-Carlo studies BiEP have led to théollowing table of parameters
for the physicaddesign ofthe SMD to achieve eeasonable fraction of theghysicsgoals.
The physics requirements were to achieve reasonablpdoupancy in Au+Atcollisions,
segmentation comparable witle expectedransverse size dhe showersand good two-
shower resolving power.

Mechanically, the SMD should have lade impact aspossible orthe performance
of the EMC. This places difficult constraints on btk rigidity andflatness ofthe SMD
modules,leading to adesign which transportke strip signals tgpreamplifier electronics
boardsplaced at the end of thmeodules,rather than embedding the electronics within the
EMC. This decision also improvéise modularity of theSMD design,enabling better ac-
cess to the completed units.

SMD Design Parameters |

Chamber Position inside EMC 5X0

Rapidity Coverage (Single Module) An=1.0
Azimuthal Coverage(Single Module) A@ = 0.105 (6°)
Occupancy (p+p) =1%

Occupancy (Au+Au) > 510 =25% (depends on the threshold cuyit)
Chamber Depth (Cathode to Cathode) 20.6 mm

Anode Wire Diameter 50m

Gas Mixture 90%-Ar /10%-CO
Gas Amplification =3000

Signal Length 110 ns

Strip Width (Pitch) im for |n]|<0.5 1.46 (1.54) cm
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Strip Width (Pitch) im for |n|>0.5 1.88 (1.96) cm
Strip Width (Pitch) in@ 1.33 (1.49) cm
Number of Strips per Module 300
Total Number of Modules 120
Total Number of Readout Channels 36000

Table I11.1.

[11.1.3 Detector Assembly and Quality Control
Back Strip PCB 130 strips are paralle] o the anode wires

Aluminum extmsion 30 cells on each side 60 anode wires Cathode strips

Front Strip PCB 150 strips are perpendicular to the anode wires

Figure I11.2

Schematic diagrams of the SMD detector are giveagares Ill.2andlll.3. The
detectorconsists of a two-sidedluminumextrusion. Anode wires are strung ineach
channel and the cells of the extrusion are sealed by copper-claddPd@s on top and bot-
tom. The strips come on a 2.5 mm thick copper-backetd@d. The back otthis board
is a continuous groundThese PCboardsare gluedonto the aluminum profilehrough
three layers okpoxy with atotal thickness of aboul00 um. These layers provide the
electrical insulation of the strips from the aluminum profile forth a sealedjaschamber
volume. A 90%aAr- 10% CQ gasmixture isflowed continuously througthe chamber.
All channels havgas flow in parallel. The pads onthe top will read out thep position
while the bottom will read th position. The ends of the chamber are machinedceive
PC boards epoxied into place to provide wire positioningsamgort,high voltage distri-
bution, and gas inlet/outlet ports.
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We now detail the calculations to achiem@& designgoal to minimize the channel-
to-channel signal variation due echanicatolerances. We assumdht space-charge
effects are negligible and that the tubes will be operated in the proportional mode. The goal
of these calculations is to determine the tolerances required to produce a detector with
variation of channel-to-channel performance as low as possible.

The amplification of the primary ionization signal in the proportional counter de-
pends on the high voltage, gas density and geometrical cross section of the eledtostatic
faces. For cathodes of polygonal shape, the potential distribution can be approsumfated
ficiently well for our purposes abat of a coaxiastructure ashown by F.Schneider (F.
Schneider, EP Internal Report 78-2, CERN, Apr. 197B)e assumptions isrue propor-
tional mode,i.e., that space-charge effects aregligible. In this casehe gasamplifica-
tion may be expressed as

B =Jads, (111.1)

where s is the path diie ionization electron anal is thefirst Townsend coefficient. The
integralruns between its locus gbroduction, d, and iteermination at thesense wire 4.

The nominal dimensions of the cell configuration are as follows. The diameter of the anode
wire is 50um, thewire tension is 50 g, anithe extrusioncell size is6x6 mnf. The gas
mixture iIs90%-Ar/10%-CQ. For this gasnixture atNSTP, the charge collected on the
anode wire is well represented as [A.B. Wickland, Private Communication]:

Q. = 1026 &"50W78  [£C/5.9 keV] (111.2)
Variation due to voltage and gas density is:

B=Po + KL AVIV + K, Aplp (1.3)
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where the parameter;i€an be measured by a simple voltage varigitaqm. 2),and K is
obtained by varying the pressure. For the calculations presented below, we used:

Ky=Bo- Ky .

The amplification as a function of anode wire radius:

B=PBo+[Ky+ Ky/In(RIr)] Ary/ry . (11.4)
Amplification due to variation of the cell radius:

B =Po - Ky/In(R/r) AR/R . (111.5)
Amplification for sense wire displacement from the center of symmetry:
B=Bo+ Ki/IN(RIM)] (AIR) + (Ky + By )AN/R® (111.6)

whereA is the wire offset due to initial positioning, gravitation or electrostatic origins. The
wire offset due to gravitation is:

5, =q L/8H, (11.7)

where g is the mass per unit length of the wire, L is the length andhe I®rizontal wire
tension. The wire deflection due to electrostatic forces is [S.HWOh, RobertsonNucl.
Instr. and Meth. A309 (1991) 368]:

3e = eV 2L %8y/[8BHR? IN(R/Ry)? - megV2L? ] (111.8)

wheredy is the wire offset due to gravitation and initial wire positioning.

Using equationslll.1-8 we can determine the required tolerandes the anode
wire, aluminum extrusion, wire positioning and wire tension to obtgasagain variation
less than+10%.

Two crucial characteristics of theires should baaken into account: variation in
the wire diameter and straightnegsade. The wire variation willlead togasamplification
variation according to the following table:

Diameter Tolerance Variation of Gas Gain
+1% +5.3%
+2% +11%
+3% +30%
Table 111.2.

Experience withmaterialfor the prototype and consultatianth the manufacturer
[International Extrusions Inc.] has led to an adaptation of the origegfn forthe alumi-
num extrusion. Achievable tolerances af0.006” lead to a variation in thgasgain of
about+10%.
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Allowing all the error budget to the tolerances in the cell size and wire diameter, we
use equations 111.1-8 to calculate acceptable tolerances in the other parameters:

» Total wire displacement from the axis of symmetry due to all effects: {265

» Extrusion straightness tolerance: < 2 mm over 3 m length

» Extrusion flatness tolerance: < 1.15 mm over 1 m length

» Extrusion cell size tolerance: +.00um

» Extrusion material: Aluminum alloy 6061-T6
Requirements on the chamber assembly fixtures are as follows:

« Table flatness tolerance: <1.15 mm over 1 m length

» Straightness tolerance for second datum: 28t 1 m length

* Material: Aluminum alloy 6063-T5
Requirements on the wire positioning fixtures at the chamber tips and supporting lines:

* Wire positioning tolerance: €150 um

Fixtures and tooling whichchieve these tolerances have been built and tested for
the mechanicahnd electricalprototypes aWayne StatdJniversity. They will be trans-
ported to UCLAfor use inthe first round ofchamber construction ih998. Later dupli-
cates will bebased on ouexperiences with these fixtures in light of performance of the
completed modules.

1.2 SMD Electronics and Fabrication
.2.1 Strip PCB Design

The design of the strip PC board satisfies the following requirements: theitstnip
of 1.42 cm (0.559") isnatched to the expect&nsverse size dhe showers.The char-
acteristic impedance of the transmission line from strip to FEEagched to the input im-
pedance of the preamplifier and the lines are spaced to achieve reasbriphtestrip
cross-capacitance, low fabrication cost andi@mum number of manufacturingteps re-
quired in the final assembly. PC Board manufacture is a ‘matckhology, whichmini-
mizes human intervention in the construction process and minimizes the overall cost.

The general design of the strip PC board (Fig. I11.4) will be a plane of strips on one
side and signal lines tihe FEEs onthe other. The characteristic impedance, Z, of these
lines will depend upon the final design, but is in the neighborhood of 100 Ohms.

The propagation constam, is given by

y = [jwC(R + jwC)]*2 (111.9)
After propagating length |, the currepwill be

(W) = lo(w) exp{-y(w)l} (1n.10)
where the real part gfgives the attenuation in the transmission line. For high frequencies,
the real part may be approximated as

Refy] = R/2Z (111.11)
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]
Strip Transmission Line Plane n31e

Cathode Strips Plane

Figure 1l1.4.

Typical linedimensions a = 10Qm, b = 500um andp = 1.7 10° O-m give an
attenuation constawmt= 0.0034/m. Thus, wexpect a signal attenuation of about 1% for
the signals which propagate frahe region nean=0 to the FEEcardslocated nean=1.
The maximum delay time for these same signals is about 20 ns. The overall capacitances of
the strip plus delay line is given in the following table:

n=0 n= 0.5 n=1.0
n-Strips 285 pF 260/347 pF 333 pF
@-Strips 244 pF 246 pF
Table IlI.3.

As noted in the first section, there is a jump in the width of the strips&L5.

11.2.2 Preamplifiers and Readout

[11.2.2.1 Design Parameters

The design of the readout electronics weasle tosatisfy the physics requirements, me-
chanical consideration, and integration of 8D into theEMC and STAR. The reliabil-
ity, accessibility, and possibility to make future upgrades also were considiaegohys-
ics requirements ( see sectigi.2.b for details ), lead to overall dynamic range540.
The smallest signal from MIP need to be detected is around 4fC (at HV = 1380 V). The
capacitance of the readout strip in average 260 pF and vary dependingsioip thesition
vs. eta ( strip length is projective ) and alsctlua length of thestrip transmissiotine to
the front-end motherboard. The total collection time for iofSMD gasmixture isaround
30 ns, so that ion taleancellation igdesired ( see details in sectigh.2.b ). Powercon-
sumption is need to be at lowest possible level ( 30-40 W power dissipatieacroSMD
module is acceptable ) to simplify the integratiddigh integrity of the readout electronics
is preferable to avoid thiong transportation othe analog signal imoisy environment.
The test run experience with the snaibtotypesshowsthat appropriate gaifor the pre-
amplifier/shaper need to be close to 20 mV/¥@e noise atevel ENC 6000electrons for
strip capacitancearound 300 pF iscceptable. Thigevel of noise will allow tooperate
SMD at high voltage close to 1380 V to detect MIP with reasonable efficiency and to avoid
the problems with gasaturation ( space charge effect near the anade) for up to 30
GeV electromagnetic showers. The crosstalk as measuréeefarll scale chambeslec-
trical pre-prototype is around 3% ( the worst caséhestripslocated at eta=@nd of the
module ) due to cross capacitance of the strip transmissem The crosstalk forthe pre-
amplifier/shaper at level 1% is acceptable. precision of the internal calibration of the
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channels of preamplifier/shaper is need to be no worse than +/- 7%,cs@rthie calibra-
tion of the channels of the SMD will be known with accuracy +/- 10% prior data taking.

11.2.3 Preamplifier Mechanical Integration

From a mechanical integration viewpoint, there are sewesabns to puhe SMD
FEE at one end of the EMC module as opposed to a solution which etinbezdsctronics
within the module:

» Operational: The experience with these types of chanpibevesthat reliability
of the FEE is much lower than the reliability of the chamber itself.

* Preamps at this moment are in the prototype stage. To install a few modules on
‘Day One’ we need to separate the mechanics and electronics of the SMD.

» Simplification of the SMD integration into the EMC. (We avoid the problem of
interference between the SMD cables &MIC fibers onthe sides ofthe EMC
module.)

» Simplification of theEMC integration intoSTAR. (Again, problemselated to
fiber and cable routing through the same channels, as wiblé asw design of
the EMC optical connectors.)

Access to the preammiuring RHIC operation. Repairs, upgrades;., can be

made without disassembling the EMC or even removing the modules from the barrel.

111.2.3.1 Envelope

Placement of thEEEs onthe end of the moduldsas a slightramification on the
physics because the gap between the barrel and the endsajpe increased to 38 mm to
allow enough roonfor the SMD preamps. Recent simulations bykio Ogawa (Penn.
State) shows that there are no significant losses in acceptance for this configurbdast, at
for p-p physics at RHIC.

111.2.3.2 Interface

For each SMD module, there are 300 channels of strips to beueadhe pream-
plifiers will be on the Mother Board at the eta=1 end of the moduile dimensionsavail-
able for the MB are a trapezoid with a top side of 21, a base of 230 mand a height
of 308 mm. (677 ch).

All interfaces for the SMD system are located on the top oEME module on the
n=1 side in order to simplify the procedure for the installation of the EMC into STAR.

An IDC ribbon cable(Thomas-BettsType 20067) oflength 3-5 cmwill be sol-
dered to the Strip PCB at the= 1 end of theehamber. (Thomas-BettSype 609) Con-
nectors will be used to connect the Mother Boardhié@whambers. The pre-amp cooling
tubes will be cooled by compressed air through 1/4”Raily-Flo tubing(44-P-1/4,Impe-
rial Eastman).
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Figure 111.8.

111.2.3.3 Cooling System

The totalpower dissipation irthe volume of the electronics at the eta=1 end ofeth
EMC module is expected to be < 30 Wsing amechanicalpre-prototype’ wénave de-
veloped an empirical formula for the temperature of the boards as a function of air flow
rate : T=66 - Q/10,

where T(C) and Qcf/h). The temperature of the input aas 25 C. Taallow a safety
factor of three, we will specify a cooling flow of 12 culiéet per minuteagainassuming
the ambient air temperature is 25 C. The air temperature rise in thiwasegpected to be
4 C. Pre-cooled air would lead to problems with condensation.

1.3 Prototype Performance Studies

1.3.1 Introduction
The performance of thEMD candidatelesigns were studied ovire period from
1992-1997 at the IHEP U-70 accelerator (Protvino, Russia) and at the BNL-BEIBw,
we present the performance of the baseline gaseous prototype deshgnsvire/strip and
strip/strip configurations only. Complete information about these studies can be found in
* B. Chuiko et al, IHEP Preprirti2-104, Protvino, 1992 First Sci&MD Pro-

totype
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SMD Prototypes

S. Alimenko etal, Nucl. Instr.and Meth. A3651995) 92. The LastSciFI

* V. Belousov efal., Nucl. Instr.and Meth. A3691996) 45. PSTSMD Proto-

type.

* S. Alimenko et al., Prib. Tekh. Eksp. 1997, N3 3bhe Last Gaseous SMD

in Wire/Strip Configuration.

» S. Bennett et al.Star Note (in preparation)The SmallGaseousSMD Proto-
type in the Strip/Strip Configuration, Final Design, Test ‘97.

The lateststrip/strip smallSMD prototype in the finaldesign configuration was

constructed and tested in 1997. This photograph (Figure 111.9) shew&MD prototypes

under construction.

Figure 1.9

Figure 111.10 showsthe assembled
small prototype being bench-testador to
installation into the small EMC prototype.

The detector construction was
similar to the procedure described in section
[11.1.3, with cell size close to the final de-
sign and strip dimensiongiven in Table
1.1 The gas mixture used the prototype
test was 90% Ar- 10% GO Theextrusion
used forthe prototypewas rectangular in
crosssection with 32 cells of siz222 mm
X 685 mm x 24 mm. The readout consisted
of 32 x 32 channels dftrips. The pulses

from each strip were amplified by a two-statpvicebased on a ‘Garantija’ curreampli-
fier and digitized by 11-bit LeCro%300ADCs with a sensitivity 0f0.25 pC/count and a
400 ns gate.

11.3.2
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Figure 111.10

SMD gas gain is constrained by space
charge effects on the ohand and by sig-
nal-to-noise considerations on thegher.
Another important consideration is the reli-
ability of the chambelover long periods.
For this reason, it isnportant to determine

ADC channel - the characteristics of tr8MD at thelowest

Figure 111.11

possible gas gain.Our goal is to operate
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the chamber in the proportional mode. Up to 30 GeV, desrable teeliminateproblems
of signal saturation due to space chaefjects. It isimportant to minimize the systematic
uncertainties in the measurement of direct photons with the SMD.

Before placement in the telseam,the chambewasirradiated with>FE X-rays to
determine the appropriatgas gain. Atypical pulse height spectrum is given in Figure
.11.

The ratio of the pulse heights for photons of energy 3 and 5.9 keV for the Fe source
indicates that the chamber is operating in the proportional mode. A gain drop was observed
when the density ahe positiveions along thewire exceeded aritical value equal to 7 x
10° permm. The optimal valuedor the appliedhigh voltage inthe test beamvas con-
strained
by signal-to-noise considerations. The high voltage was set to 1500 V fbeaestin the
energy rang®.1-0.7 GeV; corresponding to a gagin of about 10 Between13.3 and
26.6 GeV, the voltage was set to 1450 V, corresponding to gaga®f3-5 x 10. Under
theseconditions,Monte-Carlo calculations indicate that the maximdemnsity of positive
ions along thewire (in the region of theéSMD near theshower axis) was 3 x 10mm;
which does not exceed the critical value.

[11.3.3 Chamber Response and Energy Resolution

The response of the front and back planethefSMDfor electromagnetishowers
is given in the following Figure I11.12.

In the energy range from 0.5 to 5 GeV, at a depth of 5X0 inside the EMC, the SMD
has an approximately linear response versus energy. The ionization at the back plane of the
SMD is about 10% lower than tlieont plane. The energy resolution in tHeont plane is
given approximately by

o/E= 12% + 86%YE [GeV].  (lI.13)

The energy resolution in the back plane is * = | |,
3-4% worsethan thefront plane. The dif-
ference in behavior between tfi@nt and .|
back was observed fdne first time in pre-
vious studies ofthe SciFl variant of the ™
SMD (' S. Alimenko etal, Nucl. Inst. and _
Meth. A365(1995) 92). The detector re-
sponse depends dhe materialinserted in -
front of the SMD. The presence dbw-Z
material infront of the detector leads to a |
partial cutoff and transverse broadening of/”
the soft component of the electromagnetic -
showerdue tomultiple scatter irthis mate- Figure 111.12.

rial. Thisleads in turn to a signalrop in

the detector, as well as a degradation of the spatial and energy resolutions. Fpmmthis

of view the optimal sequence of the tiles in the EMC would point to a Pb tile just in front of
the SMD.

e S
.
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[11.3.4 Transverse Shower 1«

0.45

Profiles - o i ] N

As pointed outabove,the shower o} a 1 b
position resolution, multishower resolving | 1 osf m
power, ancelectron-hadron separatiqmo- osf

vided by theSMD relies on theanalysis of 0zsp
the transverse shower profile. precise 0zl m
measurement of thehower shape is im-
portantfor the tuning of Monte-Carlgro- T 1 oast
grams and as input for futudataanalysis. o1l 1 ol
Fig Ill.13a showsthe normalized energy
deposition in theSMD for showers for
electrons from 1 to 26.6 GeV. TIBMD is W % 0w e a0 w0
located 5 X inside theEMC. Fig.ll1.13b d(mm)
gives the shower profile for 26.6 GeV
electrons at SMD positions at 3X0 and 7X0
inside the EMC.

It is common to approximate the shower shape as the sum of two exponentials:

0.25

0.2

0.051- 7 005F

Figure 111.13.

dE/dx = a ™™+ g &2 (111.14)

This expression is convenient to compare our resultsthlCDFbeamresults. Aswith

the CDF results, the shower shape is constant about 7 GeV. Both sets of resultsashow

in this energy range the shower shape is well described with the valge8.5b cmand b

= 2.3 cm. forthe wire plane and p= 0.6 cmand b = 2.8 cm forthe strip plane. We

shouldpoint out, however that this approximation only seems to hold néae shower

axis. In future analysis we use a lateral shower density which is the shneefexponen-

tials whose contributions are noted as A,B, and C. Fig. lll.14 shimeveearenergy de-

posited in the SMC vshe distancérom the shower axis. The datgpointsare theresults

from the testrun for 26.6GeV electronswith the detector positioned at 7,Xnside the

EMC. The solid curve through the data is a fit to the experimdatal §(2/ndf = 1.18) us-

ing the sum of three exponentials. The relative contributions are given by the dashed lines.
The experimentatesults showthat the parameters in the exponentiasy only

weakly with position insideéhe EMC(from 3X0 to7X0). Their values ar®.35 cm, 0.9

cm and 12.0 cm respectively. In the table below we present the results of the shower shape

analysis for the three positions of the SMD inside the EMC.

|SMD Position | Percent Contribution |
A B C
3X0 48.2 33.2 18.6
5X0 37.0 47.3 15.7
7X0 24.3 59.8 15.9
Table I11.6
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These resultshowthat90% of the *
energy is deposited withiB.5 cm of the .
shower axis.When the position of the
SMD inside the EMC ighangedthere is a
redistribution of the contributions A and B
to the energyprofile. At the sametime,
90% of all the energy deposition for the
SciFi SMD was deposited within a distance
of about 1.5 cm from the shower axis. We
believe this difference comes from the
transverse development thfe soft compo-
nents ofthe electromagnetishower and
depends strongly othe particular detector
materials.

[11.3.5 Position Resolution

The position resolution wastudied Figure 111.14.
as a function of energy ar8MD position.

All measurements weraadefor animpactpoint at the center of strip or wire channel.
Two methods were used to determine the shower aisn(the plane of the SMD:

10% |

10

Y= ZiWiyi /ZiWi ) (|||15)

where yis the geometrical center of the i-th elemantl W is the energy deposition B
the i-th element for the simple center-of-gravitgthod. Fotthe “logarithmic’ algorithm
proposed by T.C. Awes et al (T.C. Awes et al., Nucl. Instr. and Methl (1992) 130),
w; is a weight for the i-th element determined as follows:

w; = max[ 0, W + In( E/ ZE) ] (11.16)

where W is a constant determined empirically. Tke ofthe logarithmthis expression is
motivated by the exponential falloff of tr&hower profile. Thiscorrects thedeficient
behavior of the linear weight approach where a centrally hit element will contain most of the
energy and will systematically pull thesition calculation.The choice of W determines

the relative importance of the energy deposition in the tails and provides a tlatshbld.

For example, for W=2, all the strips with an energy deposit ofttessl3.5% ofthe total
energy will not be considered.
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Fig I11.15 shows the systematic pull in the position calculation in the caskineba
weight. This isthe experimental resuftom the 1997 test with 5GeV electromagnetic
showers. The uniform distribution of thémpact parametesicrossthe strip surface in the
case of linear weighting in the expression for the center of gravity leads to a systematic shift
to the geometrical center of the strip (in the regia®.5 mmfrom the center of thatrip).

The logarithmic method appears to be freghig problem. Thigicture representsiata
from the front and back planes and is averaged over the entire SMD.

The spatial resolution data for tB&D were determined frorehower profiles for
four energies irthe 1997 beamtest. These resultare given in thdollowing table. The
first column in the table gives the distance from the beam axisrin Inthe next columns
are the relative energy deposited in percent. The integral ovehdmeerprofile at a given

energy is 100%.

Dist [mm] E =05 GeV|E=1. 0 GeME = 20 Ge\E = 5.0 GeV
[%] [%] [%] [%]

0-5 29.5%+ 0.9 35.7+ 0.8 39.2+ 0.5 42.3+ 0.5

5-10 22.3+ 0.8 24.8+ 0.6 25.4+ 0.5 25.6+ 0.4
10-15 18.5+ 0.8 17.2+ 0.5 17.2+ 0.4 15.8+ 0.4
15-20 10.0+ 0.5 8.2+ 0.3 6.9+ 0.3 6.9+ 0.3

20-25 5.9+ 04 4.2+ 0.2 3.4+ 0.2 3.5+ 0.2

25-30 4.7+ 04 3.3+ 0.2 2.7+ 0.2 2.3+ 0.1

30-35 3.1+ 0.3 2.3+ 0.2 1.9+ 0.2 1.5+ 0.1

35-40 2.3+ 0.3 1.9+ 0.2 1.2+ 0.1 0.9+ 0.1

Figure 111.15.
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40-45 1.9+ 0.3 1.3+ 0.1 1.0+ 0.1 0.8+ 0.1
45-50 1.9+ 0.3 1.0+ 0.1 0.8+ 0.1 0.5+ 0.06
Table 111.7

Dependence of the shower width on energy is presentigl iil.16. The shower width
gets narrower is the energy increases.
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Figure 111.17 showsthe position
resolution in thefront and back planes of
the SMD for the 1997Test. The resolution
in the front and back planes go like

Ofont [MM] = 2.4 mm + 5.6 mm NE
[GeV] , and

Opack [MM] = 3.2 mm + 5.8 mm VE
[GeV] .

The parameteW=2 wastaken tocalculate
the center of gravity of the electromagnetic
shower.

We give a comparison between
GEANT simulations of theshower profiles
and data for four testeamenergies irfig.
[11.18.

The GEANTshowerprofile is nar-

rower than the experimental one in the energy range &&mo 5 GeV. The central value
of the deposited energy in the GEAN&Iculation isalso higher than experiment by about
Inthe tails of thedistribution, the experimental data is
higher by a factor of 1.5 to 2.5. TIEANT profile agrees more closely widxperiment
as the energy increases (see fig. 111.19)

20-40%, depending orenergy.
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111.3.5 Electron-Hadron Re-

S B0 [ jection

g | ® £=05Gev | To compare the electron/hadron re-
gsoi moE=10Cev jection power for the longitudinally seg-

g ™ A E=206ev ] mented EMC (5X0 + 20X0), a non-
® a0l v E=50Gev | segmented EMC (25X0) and a non-

[ O E=7.0Gev ] segmentecEMC with an SMD (25X0 +
0f = . SMD), these detectors were tested with
P ] beams oftT at 39 GeV andeat 26.6 GeV.

20 . The rejection coefficient Kvas defined as
[ o ] the probability to identify ehadron as an
10 $+ 1 electron for 90% electron detection effi-

i x ] ciency. The 25X0 EMC provided arejec-
ok IR L an tion level of K = 1.8 1&. Thelongitudinal

¥ Biealtce}ém® segmentation improved the rejection by a

factor of about 6 for K= 3 x 18 The in-
formation about the energy deposition in
Figure 111.18 the 25X0 EMC and th&MD gave K = 5.1
103. Additional information about the
shower width inthe SMDslightly improved the rejection, due to correlations between the
SMD energy deposition and the shower width. Theretbeeaboveresults showthat the
SMD improves the hadrorejectionpower by afactor of 3.5 ascompared to the rejection
of a non-segmented EMC. It is poorer by 1.7 times compared to a longitudinally segmented
EMC.

Bl
0 051 15 2 25

One of the advantages of the final double-sided design &Mi2 is theindepend-
ent measurement of the primary ionizationtwo gas samples insidbe EMC. Large
fluctuations on the ionization in thin gasE 1.6y
layers can cause the ionization from a single | + ® 0-5mm 1
minimum ionizing particle to be comparable} 1.4 A 30-50mm :
to that of an electromagnetihower of a 8 [ o ]
few GeV. Thisleads to a degradation 0% 1.2 o o -
the SMD electron/hadron rejectiopower. W I ]
In the case otwo independentgas sam- 1}
ples, the probability of such avent is ob- I ]
viously smaller. o8l ]

A few methods ofelectron/hadron i | ]
separation were investigatedThe main 0.6 A ]
problemfor the SMD is theabsence of an i A ]
energy-independent variable to bsed for 04 A ]
e/h rejection. Below approximately 10 I ]
GeV, the ratio of SMD/EMC signals for 4,
electrons is &onstant. But athe energy I
increases, the position of the shower ) T T S T
maximum shifts logarithmically and the 0 12 3 A ce?
above ratiodecreases. Above about 10
GeV the so-called weightechdius for the Figure 111.19
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electromagnetic shower is independent¢érgy. This follows fronthe invariance of the
transverse shape of the shower as noted above.

Here we show one of the approaches to achieve e/h separgiist).separate cuts
on energy depositioare maddor the front and back planeshe surviving electronhave
90% detection efficiency. Fig. Il1.20(a) gives the entire data safoplelectrons and had-
rons (Run 53, Test 1997, 5 GeV) as well as the cuts applied to identify electrons.
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Figure 111.20
This figure also illustratethe independence of the ionization fiont and back
planes of theSMD in case othadrons. Fig 111.20(b) showthe amplitude spectra in the
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EMC for the entire data sample asgrviving eventsafter applying cuts ithe SMD. The
rejection power oSMD itself comparable to rejectigmower ofthe non-segmente@MC,
and is close to 30:1 for this particular energy, with an electron efficiency of 80%.

As it can be clearlyseen from this figure,the SMD rejectevents different from
those rejected by applying single cut on BMC (for events withsmall amplitudes in the
calorimeter). This allows us to increade rejectionpower of the combined detector
(EMC/SMD) by applying cuts which take into account information and fronEME also.
Fig 111.20(c) shows the distribution of the ratio of the sum of the stogarithmicweights
over energy deposition ithe EMC for the front vs. back planes of th&MD for the
surviving the first cuts. The electrons events are moslkcated in the'head' of the
‘comet’, while thehadrons eventare in thehalo. In this figurethe marked area in the
'head of comettontains 80% othe all electrons fromthe original datasample. Fig
[11.20(d) showsthe amplitude spectra in tle&MC for the surviving eventsThe hatched
distribution is the amplitude of treurviving hadronsThe overall rejectiopower for the
detector i90.012:0.001 for 80%electron efficiency. Inhe energy rangéom 0.5 to 5
GeV the information from SMD improved the rejectipower ofthe non-segmented EMC
about a factor of 3.

111.3.6 m0/y Separation

A study has been carried out to investigateube ofthe SMD toseparateshowers
coming from singlgphotons from those arising froneutral pindecay. All results were
obtained forn = O for the STAR geometry. Two parameters of the sh@mergy deposi-
tion in theSMD aredefined below: theenergy-weighted-radius, R artlde ‘inertial mo-
ment', ER of theshower. The coefficient of rejection is definddr 80% singlegamma
detection. For each shower, thgsgameters are calculated separaftatyeach of the two
SMD planes.

The shower center of gravity was calculated as:

Xo = SWix; IZwW; (11.17)

where wand x are respectively the logarithmic weight and the coordinataadh element.
The energy weighted parametes,Rvere calculated as:

< Ry > =[2Zwj(Xj - Xo)2 /Zw; 12, (111.18)
The mean weighted radius, R was defined as
R=(R2+R2)12 (11.19)

The second parameter, BR which provides information abothe longitudinalshower
development, was first calculated for each layer and summed in quadrature as above.
On the scatter-plot of ERs. R we have marked off ttegea containin@0% ofthe single
y showers and consider showers within this area to be 'singlgle all showersoutside
this area are classified as neutral pin showers. Using this definitioteterenined thetw
probability separatiofior 80% singley detection as a function of incidesttower energy.
Fig. 111.21 gives the results of this study.

11.18



The energy region from 3 to
7 GeV is important in the QGP
search by measuring single pho-
tons. From thigoint of view, it is
preferable to locate theMD as the
5X0 position inside the EMC.

The study ofthese parame-
ters defined aboveshows that a
shower initiated by photons and
neutral pions can bedistinguished
mainly by use ofthe quantity R.
The use ofthe inertial moment pa-
rameter resulted in negligible im-
provementmainly due to thepoor
energy resolution of the SMD.
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.4 Detector Assembly,
Tests and Quality Controls

The detectors will be assembled in a production facility to be setw@lad. This
facility will be located in the Sciencand Technology Research Buildig§TRB) which
will be availablefor beneficial occupancy iApril, 1998. The physical planavailable for
STAR will be cost-shared with another group building muon chambers, resulting in a con-
siderable cossavings. The SMDgroup hasheen allocated approximatelp00 sq. ft of
open floor space for preparation and stagiogk. Assembly of the modules will be per-
formed in a 1503q. ftcleanroom. Approximately 1000 sq. ft ofadditional laboratory
space in Knudsen Hall can bemmittedfor such purposes ahamber tests or temporary
stagingwork. Finally,the UCLA machineshop isavailablefor support work on acale
consistent with the planned module production schedule.

The total number of modules to be produced is 120 plus some sparesmiihipeh
decided at a later date.

Economic considerations require us to purchase and store a large fraction of the raw
materials for the SMD modules. It asticipated that the space available in $7dRB will
be adequate for storage of these materials. During staging of mahyes, wamnay util-
ize the additional storage or work space in Knudsen Hall.

In the stagindor the first 15 modules, wewill divide the productionprocedures
approximately as follows: cleaning, light machining and temporary storage will be confined
to the main assembly area. After preparation, the pieces will be examined for apslity
ance on special test beds and vacuum tables in the clean room.

The modules are assembled fivgt applying a uniformayer of aboutl00 um of
epoxy to the extrusion edges and allowing it to dry. This servelgdtically insulate the
extrusion fromthe copper of the readopads. This step is performed first to avoid con-
tamination of the anode wires by stray droplets of epoxy. Next, the wire PC barawds,
wire nylon support lines and elementstioé chambetips are epoxied irplace.The anode
wires are strung, then soldered in pladéne wire stringing procedure will be checked by
means of arautomatedsystem which determindgke location and tension eachwire by
means of a laser diode and photosensor (a barreader). The wire is gently set into os-
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cillation by means of an air current and the resultant frequency of vibration usatedthe
Fourier transform othe sensorsignal measured on digital oscilloscope. Thisnethod
worked very well for the STAR TPC sector construction.

The wires are then glued iposition tothe nylon supportiines to prevent sagging
under gravity under any orientatio.he gasvolume is then sealed by gluing the pad PC
board in place. This assembly is then flipped over and the procedure rdpedbtedother
side of the extrusion.

Assembly procedures will incorporatertain qualityassurance checks such as
measurement of wire tension, gas flaate/ hermiticity and high voltagdreakdown. Fi-
nally, the completed modules will be testeddnudsenHall for signal uniformity using
anode wire pulsing, radioactive sources and/or cosmic rays.

The assembly procedures are as follows:
General Area:
1) Cleansing of extrusion/preliminary inspection
2) Cleansing of PC boards/preliminary inspection
Clean Room:
1) Inspection of extrusion for defects, straightness, flatness
2) Covering extrusion edges by epoxy
3) Gluing of Wire PCs, Wire Support Lines, Chamber Tips
4) Stringing/Soldering of Anode Wires
5) Check of Wire Tension
6) Gluing of Wires to Support Lines
7) Gluing of Strip PC Boards
8) Check for Electrical Isolation/Short Circuits.
9) Reverse Extrusion and Repeat (1-9) for Other Side.
10) Final Chamber Tip Assembly
Testing:
1) Gas Flow/Pressure Drops/Hermiticity
2) Electrical Isolation/Short Circuit Check
3) High Voltage Breakdown Check
4) Pulsing Check for Pad Response
5) Radioactive Source Check
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Vendors for the - General room - 38teps. =
componentgritical for SMD +7omo-ClenRoom -0 deps, ---oooooeosenoooe e ¥
mass productiorhave now
been identified. Figurd!.22
gives the overall '‘compo-
nents flow' scenario and
major stages ofthe compo- < Generdl’ 100M - 3965, -
nents preparation. <7777 ClenRoom-108eps, -----ooomoeoe oo g

At the presenttime, CHAMBER (i)
thefirst set ofaluminum ex-
trusions and strip PCBs pro
duced by International Ex-
tl’USiOﬂ and CCT hav@een Thetotal time for full technological circuit - 2 weeks. Expected average speed of production - Chamber per week.
received. A portion of the Figure 111.22
assembly fixtures havbeen
madefor the construction of the full-scaleechanicaprototype and full-scale operational
chamber. The full-scaleSMD mechanicaprototypewas constructed to be incorporated
into the full-scaleEMC mechanicalprototype, asvell as to test thessembly equipment
and assembly protocols. Both the extrusion and strip PCBs passed out quality control tests
and satisfythe design requirementsThe deviation of thalimensions fronthe nominal
values are in the acceptable range. Fig. I11.23 shows the measured flatinesgiifscale
SMD mechanical prototype after assembly using a 'vacuum gluing' table.

The conclusion of this study that the mechanical parameters of D will not
lead to any problems related to integration of the SMD into the EMGules. Our present
construction methods will allow us to mass produce SMD modules of the required quality.

CHAMBER (i+1)

Chamber assembling. 1 week. Chamber tests, and cables soldering. 2 week.

Chamber assembling. 1 week, Chamber tests, and cables soldering. 5\ oo

Full scale mechanical SMD prototype, flatness +/- 100 mkm

Figure 111.23
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